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Summary 

Recombinant tissue factor pathway inhibitor (rTFPI) has been 
expressed in four marmrafian expression systems using human SK 
hepatoma, mouse C127, baby hamster kidney (BHK), and 
Chinese hamster ovary (CHO) cells as hosts. On sodium dodecyl 
sulfate p oryacr ylamide gd electrophoresis, the immtinoaffimty 
porified rTFPIs afl show broad bands and the mean molecular 
weight of SK hepatoma and C127 rTFPIs (Af r - 38,000) appear 
larger than those of BHK and CHO rTFPIs (Af r ~ 35,000). All 
these proteins inhibit factor Xa and appear to bind factor Xa with 
1:1 stoicrriometry. The abfltty of these proteins to inhroit tissue 
factor-uHmced coagulation in plasma was examined using a 
prothrombin time assay. The relative activities of SK iTFPI:C127 
iTFPIrBHK rTFPI: CHO rTFPI were found to be 28:15:2,1:1. 
By Western Wot using specific arttisera against the amino- and 
carboxy-ternmri of TFFI as probes, it is found that all the 
rmmurwaffinity purified rTFPIs possess approximately equal 
amounts of the amino terminus, but the C127 and BHK rTFPIs 
are deficient in carboxy terminus and the CHO rTFPI is essen- 
riaBy devoid of this region of the protein. Mono S chromatogra- 
phy allowed separation of the full-length and the truncated 
molecules with high and low anticoagulant activities, respectively. 
Th e abov e results suggest that proteolysis of the carboxy terminus 
of TFPI occurs to deferent extent when TFPI is expressed m 
different cells and that the carboxy terminal region of the TFFI 
molecule is important far the mhibirion of tissue factor-induced 
coagulation. Recombinant and non-recombinant SK hepatoma 
cells appear to produce TFPI with the least amount of proteolysis 
compared with other cefl systems tested and SK TFPI functionally 
resembles TFPI circulating in the blood 

Introduction 

Tissue factor (IF, tissue thromboplastin) b a mernbrane- 
bound glycoprotein that serves as the essentia] cofactor in the 
activation of the extrinsic pathway of coagulation (1). TF rinds 



A bb tt v h it wns: TFPI, tissue factor pathway inhibitor; MIX, metho- 
trexate; 5DS-BAGE, sodmm dodecyl sulfate poryacryisnnde gel elec- 
trophoresis; DMEM, DuJbecco*s ipodffied Eagle's medium; FT, pro- 
i time. 



factor VII, and the resulting TF-factor Vila complex converts 
factors X to Xa and IX to DCa eventually leading to the 
generation of thrombin and the formation of a fibrin clot. 

Blood contains a protein inhibitor of TF-factor VHa catalytic 
activity that requires the presence of factor X for its function (2, 
3). This protein, named tissue factor pathway inhibitor (TFPI), 
[previously called extrinsic pathway inhibitor (EM) (4), or Epo- 
protein-associated coagulation inlubrtor (LACI) (5)], is a multi- 
valent Kunitz type inhibitor (6). It has been postulated that in the 
presence of Ca 2+ an inert TF:VIIa:Xa:inhibitor quaternary 
complex forms, resulting in the inhibition of the extrinsic coagula- 
tion pathway. 

TFPI was initially isolated from the serum-free conditioned 
media of HepG2 cells, a human hepatoma cell line (7). Subse- 
quently, TFPIs were also purified from two other river-derived 
human cell lines, SK hepatoma cells and Chang liver cells (8). 
Using preincubaied, end-point type assays such as a factor Xa 
inhibition assay and a three-stage TF inhibition assay, it was 
shown that the specific activity of all these proteins are equiv- 
alent However, in a kinetic type of assay such as the prothrombin 
time (FT) assay, it was found that 1 unit of HepC2TFPI gave a 
FT equivalent to those with 0.17 unit of SK TFPI or 0.71 unit of 
Chang TFPI (8). These data suggest that the isolated SK TFPI 
and Chang TFPI are Sdnetically 6- and 1 .4-fbJd more potent than 
HepG2 TFPI. The reasons for the differences were not clear 
although post-translational nxxfincation was suggested to be the 
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In an attempt to produce large amounts of TFFI protein for a 
variety of studies, we have cloned TFFI cDNA (6) and expressed 
the recombinant protein in several mammalian expression sys- 
tems Bang human SK hepatoma, mouse C127, baby hamster 
kidney (BHK), and Chinese hamster ovary (CHO) cefls as hosts. 
Here we report the expression and characterization of these 
rTFPIs. 



Experimental Procedure 
Materials 

'Rn-ctamber cefl factories were purchased from Nunc Dnteceo's 
modified Eagles' "wvtmm and fetal bovine serum were from Gtbco. 
Tromboplastin refcgect (Stmpfacmr* Excel) ™as obtained from Qrganoa 
Teknska Corp. Bovine factor Xa, and Spectroxyme Xa were from 
American Piagnostka, Inc. SDS-PAGE 10-20% gradknt gel was par- 
chased from Integrated Separation Systems. Horse radish peroxidase 
(HRP) conjugated goat ami-rabbit Ig and HHP color development 
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Kg l SDS-RfcGE of affinity purified rTFPIs. Electrophoresis was 
carried out on a 10-20% gradient gel. Each lane was loaded with Up* of 
protein. (A) lanes 1-5, samples were unreduced and not boiled; (B) lanes 
W. samples were reduced in the sample buffer awtimi^ 2.5% 
2H&eiavtc«tfaatwlaid 1, SK rTFPI; lane 2, C127 

rTTPI purified by chromatograjAy on a mortociooa] anp-TFPMg-Sepha- 
rose 4B column; lane 3, C127 rTFPf purified by chromttopahy on an 
anhydrc<ryp«m-Scpharose 4B cxrtmm; lane 4, BHK rTFPI; hoe 5. CHO 
rTFPL The lane on the left is rnotecubr weight markers 



reagent (4<nWlsiapbriiof) were obtained from Bio Rad. Antisenmi 
against TFPI N-tenninus peptide was raised by iminumzmg rabbits with a 
synthetic peptide corresponding to amino acids 3-25 of the mature TFPI 
protein as described previously (8). Antiserum against TFPI C-terminaJ 
peptide was raised by immunizing rabbits with a synthetic peptide 
matching the Cterarinal 12 amino acids of the mature TFPI protein. 

Met ho ds 

Expression of rTFPI in Mouse CI27 CeBs 

rTFPI was expressed in mouse C127 cells 
virus vector as de &uib e d before (9). 



using a bovine papilloma 



Expression of rTFPI in Chinese Hamster Ovary (CHO) 
and SK Hepatoma. CeOs 

rTFPI was expressed in both CHO and SK hepatoma cells by 
methotrexate (MIX) selection of a efihydrofobte reductase amptificafabn 
vector. The expression vecton pMOW594. b based on pSV2dhfr (10) and 
utilizes the SV40 Early pioinoter and the SV40 Late poly A addition site 
to control the expression of a 9tt base pair TmcDNA ha^nent 

For expression of rTFPI in CHO DXB11 cells (11). cefls were 
taartsfectedw{thpMOtft594ari 

by growth in nudeoade-Cree DufbeaxVs Modrfied Ease's Media 
(DMEM) supptensented with cBafyzed fetal bovine serum. I ndiv id ua l 
cotonics were picked and TFPl-prodtttmg uansfectauts were identified by 
famranoassay of the cwxfitioacd media. These coknncs were then 
expanded and subjected to stepwise sefectkm with i^^ 
tan of MIX (12). 

R>r expression of TFPI in SK hepatoma ceQs (13). cells were 
cotiauafeclcd with pMON4594 and pSV2neo and positive transfectants 
were selected by growth in DMEM supplemented with cfiaiyzed fetal 
bovine serum camming 800pg/mi of G418. focHvktaai cataks were 
picked and TrT^-c«oduring tr ansfe r 

of the CDn diti o n ed media* These colonies were then expanded aad 
subjected to stepwise selection with mcrcasmg omice ntratio u s of MIX 

Express** of rTFPI in Baby Hamster Kidney (BHK) CeBs 

tot expression of rTFPI in BHK cells, the TFHcDNA was ligated into 
pMON3360b which contnrrfl the herpes simplex virus IE175 piomotq and 
the SV40 late pctyadetrytarion sgoal such thai expressics of TrTlHmtder 



control of the IE175 promoter. Tins plasnrid was transferred into a BHK 
ccfl fine whkh was previously engineered to express the herpes simplex 
virus YP16 transacovator (P. ffippenmeyer et al., rnarnscript m preptra- 
ticm)a)oi«wimpla3nrt 

transferase gene (14) under the control of the SV40 promoter! Ceils were 
*rfrrtcd for resistance to hygiuuiyuu B; e xpanded and assessed tbr TFpI 
expression by immunoassay. 

Isolation of rTFPIs from CeQ Conditioned MetSa 

TrjeTFW-producmgcd3m»werecu^ 
comarmng 10% fetal bovine serum until couflucnte and were then 
switched to serum bee DMEM-based media m ii mi i ft^ 50urdts/ml 
aprotinw. The condlriooed media were collected every 2-3 days and the 
TFPI-related proteins were purified from the c on cenrr ate d conditioned 
m ed ia by tnrmunoaffinity cinematography on a rnonoctooa] annVTFPl-Ig- 
Scpha rose 4B column as described previously (9). A preparation of 027 
rTFPI was also isolated by affinity enrariatc^rarjfay m an an hyu^ o u>psiu - 
Sepoarose 4B ooiuznn as follows. The serum-nxeconultkmedinec^was 
adfusted to 50 mM (NtVtiSQ* filtered through a 0.2^um filter and 
c ortc rn iti« r e d 30-foW using an Anncon YM30 radial cartridge. The 
concentrate was subjected to anunooium sulfate precipitation. Protein 
precipitated between 23-90% satmaU o u of Aiiuumiiu m sulfate was 
collected and dialyzed against pbosphMe-buffcied safine nHii*i i| j»g 
20 mM NajSO* Triton X-100 was added to a final coirantretitmtf 0.05% 
and the sermon was darified by cenriinjganon at 40.000 x g for 1 h. The 
supernatant was chromatograpocd using an anliy&uUypsu>Sepharo5c 4B 
column [12 ml gel, prepared according to IshS et al. (15)] ecnrifibraied in 
pbc*ptaK>buffered safine containing 20 mM Na*S0 4 , 0.05% Triton X- 
100 (buffer A). The column was washed with 80 ml of buffer A and 80 ml 
of the same buffer without Triton X-100. The bound protein was doted 
with 1 J M NaSCN in three column volumes. The eluted protein was 
concentrated and cfiatyzed against a solution containing 0.15 M NaQ and 
20 mM Na>SO|. The recovery of TFPI was ap proxim a tely 60%. 

Mono S Chromatography 

The immum>affinity purified TFPls were dialyzed into S-buffcr 
(20 mM Na-acetate, pH 45. 6 M urea). Two mi of samples were injected 
into a Mono S HR56 cohmm using FPLC system (Pharmacia). Proteins 
were eluted with a 0-1 M NaQ gradient in S-buffcr in 50 1-ml fractions at 
a flow rate of 1 uuYrmn. 



Prothrombin Time (PT) Assay 

PT assay was performed an a Fibrometer or a Coag-A-Mate timer. In 
the Ftbrometer assay, 0.1 ml of plasma supplemented with purified TFPI 
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%.2 Effect of affinity purified rTFPIs on the Pis of plasma. A nonnal 
plasma was supplemented with indicated concentrations of purified 
rTrTb and FT was measured usin^ 

Mate tuner. The arrow iucucates the FT of the pbsma without exogp- 
noosry added rTFPL (•), SK rTFPI; (0), 027 rTFPI purffied by 
crniMBatograpby on as afflhTTTHfrSepharosc 4B cohmm; (O). C127 
rTFPI purified by chromatography on an annydrotrypsui^eprarose 4B 
column; (A) t BHK rTFPI; (x), CHO rTFPI 
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Western Wot of purified iTHIb. SDS^y^GCvii earned ontoot 
gradient get Each lane was loaded vilh 2 ug of purified proeins. 
rYotetns were eJtcoopbwetfcaflytranafened onto trfnoctfintese papers. 
The nftrorrflntoc papers woe probed whfa asdsen against the N- 
tenahrai (A), or the Otenamos (B) of TFH, followed by HRP 
conjugated goat ami-rabbit Ig. Lane 1, SK rTFPH; lane 2, C127 rTFPI; 
lane 3, BHK rTFPI; Kane 4 CHO rTFPI 



or coatnrftoiffo was incubate min and 0\2 ml of 

TF (dttated 1:60 or 1:120 into a solution containing 75 wM Nad, 
12J mM CaCfe, and OS mg/nrf bovine serom aOmmrn) was added to 
hnt bted the dotting, FT assay using the Coag- A-Mate tinier was carried 
out according to the manu fact ur er** procedare employing 1:240 dilution 
of TF. 



Amidofytk Assay of Factor Xa Inhibitory Activity 

Inhibitory activity against bovine factor Xa of the parified rTFPIs was 
assayed by amfcfery&cs of Spectrozynw Xa as ooenbed before (8). 

t Ekaroptunais and Wfarerw Bhtting 

SDS-RAGE was perfbiincd using precasted 10-20% gradient gel 
(Integrated Separation system) at 100 vok. Proteins were transferred 
from the pcjyacrylamifc^ 

Blot oeB (Bio Rad) arrnrtftng to the manuf«i u j er*s instruction, The 
nft roce fate se paper was sequentiaOy soaked in 5% non-fat rmlk for 
40 mm, incrrbnted with ^ 

1:1,000 dHotJon of HRP oonjogated goat anti-rabbit Ig for 40 nrin, all at 
room temperature. Iris-buffered safine containing 0.05% IWeen 20 was 
used for diluting the above reagents and for washing the nhnxeQulose 
paper after each step. A solution was prepared bynnxrng30rng4NcUoio^ 
^naphtfaol, 10 ml cf methanol, 30 pi of 30% HA* and 40 in! of THs- 
buffered safine, and used far b^ ¥ Clo|> ing color on the niao^ 

Ptotan Determination 

The com r m i fltroch of protein was otto mined by absorbance at 280 nm 
and by o^antrtatrw ainrno a^ 
atll<FC&r24h. 



Results 

Expression of rTFPI in Mantnw&ai Cell Hosts 

As described prcvksBly (9), the hignest TFPI prodrjeing C127 
ceD fine tnmsfected with a bovine papilloma virus vector secretes 
2 |tgft(f cefh-eacfa 24 h. In. this study, stepwise methotrexate 
selection of the dhfr negative CHO DXB11 ceQs up to 500 jiM 



resulted in expression levels otriiip to 10 ug/10 6 cells each 24 h. 
Stepwise methotrexate selection of the dhfrpbshfre SK hepatoma 
oefls was only successful up- to\QJt |M MIX which produced 
expression levels of 2 ugflCr ceBs each 24 h. TranrfecHon of a 
BHK cell fine carrying the herpes simplex virus VP16 transac- 
trvator with a plasrid conraimng TFPI cDNA under the control 
of herpes simplex vims IE175 pnnrxrter resulted m an expression 
level of approximately 1 ugfMr ceQs each 24 h. 

Isolation of rTFPIs and Comparison of their Properties 

The rTFPI prochiring cell fines were cultured in serum contain- 
ing media in cell factories, ? Upon confruence, the media were 
changed to serum-free and were replaced with fresh media every 
2-3 days. AD the ceO fines survived under the serum-free 
condition for more than 1 month and ™*^»«^ fairly stable 
secretion of TFPI into the media. The concStioned media all 
contain greater than 1 ugfal of TFPI. lb isolate rTFPIs, we 
processed and timxmaxc^aphed the media on a monodooal ant> 
TFH-Ig-Sepharose 4B column as deserted in Methods. A 
preparation of C127 rTFPI was also isolated by affinity 
chromatography on an anhydrotrypsin-Sepharose 4B column. 
Fig.1 shows die SDS-PAGE analysis of the isolated proteins 
under noihredndng (panel A), and reducing (panel B) condi- 
tions. Like the non-reccmibinant TFPIs reported previously (8), 
all the rTFPIs give diffuse bands due to oucroheterogeneity, and 
there appears to be two alstmctjve molecular weight classes of 
molecules. For convenience reason, the major species of rTFPIs 
isolated from SK hepatoma and C127 cells are referred to as M T = 
38,000 (lanes 1-3) and those from BHK and CHO cells as Ai f = 
35,000 (lanes 4 and 5). Under reducing condition, part of the Af r 
= 38,000 molecules purified from C127 cell by anhydrotrypsin- 
Sepharose 4B chromatograph}' appear to degrade (see the smear 
under the major band in [B] lane 2), suggesting internal cleavage 
of part of the molecules. 

Factor Xa Inhibitory. Activity of Affinity Purified rTFPIs 

Purified rTFPIs were incubated with bovine factor Xa and the 
residual urimhibited factor Xa was quantitated with a chromo- 
^mc substrate, Srjectrozyme Xa. The stotdnometry (TFPI;Xa) 
of inhibition were found to be 1.2:1, 1.1:1, 1.1:1, and 0.98:1 for 
SK hepatoma-, C127-, BHK-, and CHO-derived TFPI, respec- 
tively. 

Inhibition of TP-Induced Coagulation by Affinity Purified rTFPIs 

Addition of TF to plasma in the presence of Ca 2 * induced a 
thrie-<Iependent coagulation of plasma which forms the basis of 
the prothiX)tnbin time (FT) assay. By keeping the TF concentra- 
tion constant, PT assay can be used to assess the extent and the 
rate of uibifaitxM of TF by TFPIs (8). Fig. 2 shows the PT as a 
function of the concentrations of rTFPIs added to plasma. The 
relative potencies of these purified proteins in the inhibition of 
coagulation can be esrmated from the concentrations of rTFPIs 
that give the same FT For example, the relative potencies of 
SK:C127 (ant>TFPI-Ig terrified) :C127 (aiihydrotrypsin Tariffed): 
BHK:CHO are 28:15:12:2.1:1 at PT = 60s. VariabiBty of 
specific activity was observed in deferent preparations of C127-, 
BHK-, and CHO-lfrls which may be due to different extent of 
r^crteoVysaof theTFHinol 
toon (see below). 

Western Blot Analysis of Purified rTFPI 

The appearance of diffuse protein bands and the aWerences m 
the apparent molecular weights of the purified rTFPI in SDS- 
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Fig. 4 ModoS chmmfflogtaphy of the hb- 
mgpoa ffimry solated SK-, C127, and GJO- 
iTFFIs. Mono S chromatographics were uuiied 
out using a (MM Nad gradient m a buffer 
containing 20 mM Na-acetafe, pH4.5» 6M 
urea. ( — ), absorbance at 280 ran; ( — ), Nad 
gradient; (•), PT Pis were measured by 
supplementing 100 pi of a normal plasma with 
1 id of indicated 6 w lion s and steaming the 
dotting time in a Hbrometer after addition of 
200 ul of 1 : 120 dilution of IT 



PAGE suggest variatioiis in gycosytarioo and/or differential 
proteolysis, lb investigate whether proteolysis produced tbe 
molecules with lower Af „ Western blotting was performed using 
antibody probes for the amino- and carboxyi-termini of TFPI. 
Fig. 3(A) shows that equal amounts of alt purified rTFPIs give 
bands of similar intensity when probed with antiserum against a 
synthetic peptide corresponding to the amfoo-terminus of TFPL 
In contrast, when the same amounts of tbe proteins were probed 
with antiserum against a synthetic peptide corresponding to the 
carboxy-tenninra of TO PI [fig. 3(B)], the intensity of the bands is 
strongest forSK rTFPI, weaker for C127 rTFPI, barely stained 
for BHK rTFPI, and no visible bands for CHO rTFPI. These 
results indicate that the 027-, BHK*, and CHO-rTFPIs are 
partially or completely missing die caxboxy-tennmal peptide 
possibly due to proteolysis. The fact that the relative activities of 
these iTPPIs in tbe PT assay match the extent of preservation of 
the carboxy^enmnus suggest that the carrx>xy4ermmus of TFH is 
uiiportant for the irihibitkm of TF-mdnced coagulation by TFPL 

Exchange Chromatography 

The carboxy^enninus of TFPI contains a stretch of positively 
charged amino acids (6), and therefore, truiuation at the caitozy- 
tenninus may significantly alter the kmk property of die 
molecule, lb explore this possMhy, we attempted to separate 
the full length and truncated forms of rTITI by catkHi eidian^ 
chromatography Fig. 4 shows the dnomatograms for immunoaf- 
finhy isolated SK iTFPI (A) , C127 rTFPI (B), and CHO rTFPI 
(C). The SK rTFPI dates as a single nifljorr^e^atapproximatery 
055 M NaQ; the C127 rTFPl efates at two positions, 0.4 and 
055 M r^; 32d 

FT assay shows that the activity is mainly associated with the 
proteins which etote at around 055 M Nad airi fitrte activity is 
seen with the protems .that elnte at 0.4 M NaO (Eg. 4).. Western 
Mot analysis of the C127 rTFPI fractions from the Mono S 



chromatography (Fig. 5), shows that proteins which elute at 0.4 M 
contains amino-tenninus of TFPI (panel [A], lanes 2-4), but is 
missing carboxy-terminus (panel [B], lanes 2-4). The proteins 
that elutes at 055 M NaQ are reactive toward antisera against 
both amino- and carboxy-tenmni of TFPI and they therefore 
contain full length TFPI (panels [A] and [BJ, lanes 5-6). Note that 
the proteins elating at 0.4 M NaQ are lower in molecular weight 
than those elute at 055 M NaQ, consistent with die notion mat 
the former is truncated at the carboxy^erminus. Further proofs 
that the lower molecular weight rTFPI was truncated at the 
carboxy-ternrinus were obtained by ammo acid composition 
analysis and tryptic peptide mapping. The amino acid composi- 
tion of the lower molecular weight rTFPI was deficient in lysine 
and argmine winch existed in large number in the carboxy- 
termmug, and the tryptic peptide map of the lower molecular 
weight rTFH lacked a carboxy-terminus peptide which existed in 
the fufl length rTFPI (data not shown). 

The activities of the SK- and C127-rTFPIs winch etme at 
0.55 M NaQ were compared using the PT assay. Fig. 6 riwws the 
effects of these proteins in the prolongation of FT The result 
indicates that the two proteins possess rather sumlar FT activity. 
The specific activity of C127 protem b 87% that of SK protein as 
estimated by comparing die concentrations of proteins giving the 
same FT Tub small diference may reflect a variation in the 
molecules {e.g. gycrjsyiation) but is fikdy within the bounds of 
expeiimeu tal error. 

Comparison of Recombinant (r) and Non-Recombmant (nr) SK 
TFPI 

In a previous study (8), we have shown that the M T * 
38,000 TFFIs isolated from wm-nxembmant SK hepatoma 
(in^,Chaiigh^aiidHepG2hep 
specific activity in the FT assay. The activity of nrSK TFPI was 
6-7 fold that of Hep-G2 TFPI, and 5-foW tot of Offlng fiver 
TFPL Furthermore, the, nrSK TFPI was found to be as active as 
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fig 5 WstenblatafCmdTnfractkintcd 
phy. Mooo S dmw»tograpty was earned cut as described in % 4 (B). 
Fifteen pi samples from fractions 27-29 and 55-36 were eJectropfcoresed 
on a 10-20% gradient gel and ckuiu y Un e ii caBy transferred onto 
mtiocdhdose papen. The irfn^^ 

against tbe N-tennfaro (A), or C-terainur (B), followed by HR? 
conjugated goat astkabbh Ig. Lane h inoiectilar weight marters; lane 2 t 
fraction 27; lace 3, fraction 28; lane 4, fraction 29; lane 5. fraction 35: 
lane 6, fraction 36 



tbe TFPI present in human plasma or the innnunoaffinity isolated 
plasma TFPI. These results suggest that the SK hepatoma cell is 
unique and it provides a source of TFFI that is closest or identical 
to the phystotopca) TFPI. Ia this study, we have transacted the 
SK hepatoma cefl to express a larger amount of TFPI (10-20 fold 
that o f non-recombinant SK hepatoma cell), and isolated rSK 
TFPI . The rSK TFPI and the nrSK TFPI are compared using the 
PT assay. Fig. 7 shows that both TFPIs possess identical activity. 

Discussion 

In a previous study, TFPIs were purified from the culture 
media of oon-recombinant HepG2 hepatoma, SK hepatoma, and 
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R&6 Effect of fafl length SK- and C12>rTFPIs on the FT of plasma. 
Full length TFPIs were iso lated by imtwinoafliuity pmifimlkiu followed 
by Mono S chromatography. Normal pbsmt was suppUuiented with 
indicated cbnceuuatibns of fag length SK : and C12EtTFPI» and the FB 
were measured using 1:60 citation df TF on a Hbrometer. One mA is 
defined as 1 x 10"* absorhance unit of protein which is enjavakut to 
13 nghnl of itFPI as assayed by amino add analysis. (0), SKYIFP& (•), 
C127rTFPI 



Gharjg^Ever cells (8>. The purified TFPIs showed a broad band in 
SDS-PAGB with a mean M T ~ 38,000 when- the mema were not 
coficentrated before hrzmurjoaffMty purification, but erfrfbted a 
broad band with lower M T ~ 35,000 when me rjKafiawere 
concentrated before chromatography. As much as 7-fold differ- 
ence in spechlc activity was observed in the FT assay when M t — 
38,000 species of TFHs from the above ceBs were compared- In 
•view of the present fimfmg, this suggests that SDS-PAGE may 
have frdtod to completely, separate tbe M t - 38,000 and 
35,000 molecuks due to me broadoess of the bands and that tbe 
7-fold difference in activity may have been due to differences in 
the integrity of the purified proteins. In this study, we have 
attempted to express recombinant TFPI proteins using four 
different mammalian host cells with the aims of achieving high 
level expression and obtaining a system that produces high 
specific activity TFF1 molecules. The expression level was highest 
in the CHO/dhfr system which produced approximately JO ugf 
10? cells each 24 h. The SK roepatonia/cmfr, C127/HPV, and 
BHK/VP167IE175 systems were less efficient, rxoducing 1-2 ug/ 
10 6 cells each 24 h. The specific activities of the isolated recom- 
binant TFPIs were again very different, with the SK TFPI (M r ~ 
38,000) having a specific activity 28-foW higher than that of CHO 
TFPI (M r ~ 35,000). The C127- and BHK-TFPIs had rnterrnetti- 
ate activities and contained both classes of mokcuks. It appeared 
that the large difference in specific activity of these TFPIs is 
related to the extent of proteolysis at the carbcory-ternnnus of the 
molecules. Mono S seemed to be excellent in separating the full- 
length and the truncated form of TFPI. 

Sev eral r^-translatkraal modification occur in mammalian 
TFPIs, indudSng grycosylatkm (3), sulfation of N-Iinked carbohy- 
drate (3), phosphorylation at serine-2 (16), and limited proteoly- 
sis (8). The relative influence of these modifications on the 
specific activity of TFPIs remains to be rigorously established. 
However, several fines of evidence suggest that limited proteoly- 
sis of the carboxy-terminus has a great impact on the specific 
activity of TFPI. First, conversion from M r ~ 38,000 to 35,000 
occurred in some preparations of isolated TFPI after prolonged 
storage, accompanied by a large toss of activity; second, the 
isolated M t ~ 38,000 and 35,000 TFPTs represent molecules with 
and without carboxy-tennmus, respectively, and this difference is 
associated with a large variation of activity; and third, a carboxy- 
terrnraal mutant TFPI. expressed in C127 system, which was 
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Kg. 7 Effect of rSK- and nrSK-TFPtt on the PT cf plasma. Fnll length 
rSK- and nrSK-TFFb were isolated by inmnmoaffinity p mifi r atkm 
foflowed by Mm»$ chroma^ 

with Tjm fiffltfft concentrations of rSK- and nrSK-TFPIs and the PB were 
meamed using 1 :60 (Bunco of TF oo a fibromctet, The couuiiuano^ 
of the r^oteins were estimated by absorhance at 280 nm. One mA is 
defined as 1 X ID" 5 sbsorb bec un it of protein which is ajnrvatent to 
1 J ttgfmi of rTFPL (•), rSK 1FPT1; (□)♦ orSKTFPI 
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tnmcatt g ^-1£ubbc$SZ. and tiros lacked* de base sequence^ 
KTKRKKQRVK (resatoes 254^265]^^ HfccPlo&P 

time when the carboxy tenfed jh«cS^ oct^ Tlie fact ^ 
some pqnfied preparations undergo degradation sug^st thai 
proteolysis may occur in the medium and daring purification due 
to the presence of proteases. It rananls to be wfat^sfeed whether 
proteolysis also occurs inside the cells and whether addition of 
proteases inhibitors (other than apcotinin used iaito 
cultures could prevent proteolysis of the cartxor^ernunus. At 
this time, it is not dear whether differ ence s hi gfrcosylation in 
these molecules also influe nce th eir activity. However; we have 
obtained an uaglycosylated TFFI and found that it possessed a 
specific activity similar or higher than die full-length SK TFPT 
(uiipubfished results), suggesting thai gjywsyiation was not 
required for the TFPI activity: 

It is apparent from the present data that the major she of 
iwoteolyris occurs in the highly positively charged carbory. 
ItimlijiB and the toss <rf this segment of the molecule correlates 
with the decrease erf the abifity of TTPT to inhibit TF-uwmced 
coagulation. Carboxyi terminal rxuncation does not abolish the 
abifity of TPPI to inhibit factor Xa. Tins is consistent with the 
finding that the second Kunitz domain is responsible for the 
Wmfiag erf factor Xa (18), It is Bkdy that the residual activity 
cttebhed by the truncated TFPI in the PT assay is at least partly 
(htttoteanrWactorX^ 

also inhibits intrinsic coagulation as assessed by the activated 
partial thromboplastin time assay (19). These considerations 
t aken together emphasizes the importance erf THTs carboxy 
terinmalctomamfathemhib^ coagula- 
tion. Interestingly, a synthetic peptide correspomfing to TTOTs 
.carboxy terminal sequence possesses uihibitory activity against 
TWndoced coagulation (T-C Wun and Y Komshi, unpublished 
result). 

It has been shown that TWI isolated from rjorMtxomtonant 
SK hepatoma c efl po ssesses similar specife activity fo the isolated 
human plasma TFPI (8). The calculated TFPI concentration erf a 
normal pooled plasma based on the FT assay was equivalent to 
about 113 ng of SK TFPIAnl of plasma which dosdy matches 
thevame (60-180 ng/ml, mean 113 ugfrnl) obtained by other 
immunological and functional assay (3, 20, 21). Therefore, SK 
bepatoma TFPI appears to resemble tunctionaDy the TFPI 
circulating in plasma. In tins study, we have further documented 
the functional similarity between the non^econihmant and 
rapmbinamSKhepatcqnaTCT 

in obtaining large quanti ties of purified plasma TFFI, recombi- 
nant SK hepatoma TFPI is potentially an attractive material for 
use as a reference standard. 

During journal review of this paper, two other pubbcations 
appeared which demonstrated tint ITPIs derived from various 
sources are susceptible to proteolysis at the carboxy tenmnus 
resulting in large decreases of anticoagulant activity (22, 23). It is 
apparent from these and oar studies that the purified products 
may show different extents of proteolysis depending on the 
process and scale of purification, aside from the ceD fine* 
d epen dence. 
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